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THE PROBLEM OF BUSINESS-IT ALIGNMENT
Having a fully virtualized, secured, automated infrastructure, on top of which business critical applications and services run, does not guarantee that IT contributes to the success of the business. Successful alignment of business and IT requires a thorough understanding of the impact of IT on business processes and business results, and vice versa.
Besides the conventional IT metrics such as availability and response time, one needs to looks at key performance indicators (KPIs), metrics that have significance from the point of view of the business supported by the IT. It is of fundamental importance that the selection among various alternative options available to an IT decision maker is made in a way that optimizes the alignment with the business objectives of the organization. This is obviously true at the IT strategy level for decisions on portfolio management and fmancial management that pertain to a CIO or equivalent executive level. However, the enterprise stands to benefit if decision made by other stakeholders (IT managers and IT practitioners) are informed as much as possible by the overall objectives of the business. This aspect is termed business impact analysis and is one of the foci of the Business-driven IT management (BDIM) research agenda.
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Universita di Ferrara, Italy Ferrara, Italy cesare.stefanelli@unife.it predict the consequences of courses of actions. An example of such decisions is resource calibration. IT departments need to be looking at grouping people into pools of expertise that can be assigned out to workloads that exist across IT, rather than siloing resources. This is particularly pressing when a CIO or IT leader faces a need to decrease staffing levels. Most workforce reduction work is done manually, according to subjective criteria and prone to huge disruptions in service. When making technicians redundant who may not be top performers, but are the only ones with the skills to run parts of the infrastructure, what is the impact of these decisions on the levels of service provided by IT? When an IT department intends to outsource or out-task certain roles, skills or functions, how can one predict what they can expect as a result in terms of quality of service (or cost, speed, etc.)? What-if scenario and predictive analysis allow IT stakeholders to predict the effect of likely courses of actions before making investments and applying costly measures.
II.
BUSINESS-DRIVEN IT MANAGEMENT: ST ATE OF THE
ART
The contribution of IT to business value creation is currently a hotly debated topic.
A. Industry
IT is expected to bring value to the business, as is attested to by the introduction of Control Objectives for Information and Related Technologies (COBIT) [1] and Sarbanes-Oxley (SOX) Act [2] compliance requirements. To meet such expectation, IT management methodologies, tools and processes have had to evolve in maturity. Evolution has been made possible with the IT Service Management (ITSM) practices recommended by the process oriented Information Technology Infrastructure Library -ITIL [3] framework. Other IT management frameworks have been developed on the basis of ITIL by HP [4] , IBM and Microsoft, among others. However, most of the software products available today helps with automation and orchestration of software, but gives little or no decision support to ensure that the outcome of IT managers' decisions are aligned with the business objectives.
B.

Academia
BDIM is a new IT management research area [5, 6, 7, 8] . We introduced the term BDIM in [9] in a utility computing context. In general, however, BDIM refers to a new culture and a set of new tools and decision-making processes that explicitly focus on making IT help the business. BDIM attempts to gauge the impact that IT has on the business and aims at rethinking IT management from this perspective, be this in an operational, tactical or strategic context. The proceedings of the IEEE series of workshops on Business-driven IT Management (BDIM 06-09, [5, 6, 7, 8]) offer an illustrative -albeit non-exhaustive -list of the many areas BDIM can successfully be (and have been) applied to.
There is growing interest in BDIM because of the benefit that it promises to bring to the business.
Some notable early works in BDIM include applications to service level management SLM [10, 11] , capacity management [12, 13] , security management [14] and change management [15, 16, 17] . These and similar efforts aim at improving IT processes through fine tuning of systems configuration or by introducing automation or by improving process scheduling. A more thorough review of the BDIM literature is given in the thesis, including the early authors' own work on incident management that is the basis for this dissertation, discussed below.
III. ANATOMY OF A BDIM SOLUTION
We defme BDIM as the application of a set of models, 
IV. AN ApPROACH TO BUSINESS-IT LINKAGE
In this section we expand on step 3 of the BDIM methodology described in the previous section.
The approach we propose for business-IT linkage is embodied by a reasoning engine, Aline (introduced in [18] , building on early work presented in [19] ). Aline solves the following class of decision problems: it computes a quantitative figure of alignment to business objectives for alternative options available to IT managers.
Aline defines the alignment with a given business objective as the measure of the likelihood -given the best knowledge about the current situation -that the objective will be met. From the definition of alignment above, it follows that our method requires some estimate of the future value of the KPIs.
The estimate is captured as a distribution of probability over the relevant KPI spaces. In the rest of the document, we refer to such an estimate as a likely outcome. An outcome is characterized by the distributions of probability over the KPI spaces that it entails.
Our working hypothesis is that the actual method that is used to estimate the likely outcome does not matter so much as long as there is a simple way to estimate the likelihood of meeting the objective. We validated this hypothesis by carrying out experiments to determine the sensitivity of any measure of the goodness of the decisions suggested to the complexity of the methods used for determining workable figures for the alignment.
V. A COMPLETE BUSINESS-DRIVEN SOLUTION FOR IT
INCIDENT MANAGEMENT
The BDIM approach has a very wide applicability. In order to illustrate its usefulness, in our dissertation, we applied it to architect, design and implement a comprehensive business driven solution for IT incident management.
ITIL [3] defmes an incident as a deviation from the (expected) standard operation of a system or a service that causes, or may cause an interruption to (or a reduction in) the quality of the service. The objective of incident management is to restore the services in the quickest possible way. Example of incidents may be degradation in the quality of the service according to some measure of quality of service; unavailability of a service; a hardware failure; the detection of a virus.
In the following sub-sections we describe our approach to tackling several aspects of the incident management process from a business perspective, describing where applicable the proof-of-concept software component that we developed. We then describe our complete solution for business-driven incident management, which builds on these components.
A. Analysis of the Incident Management Process
Our solution is based on an in-depth analysis of the incident management process in order to realize an accurate model of the system. The analysis was first presented in [21] .
In 
B. Business-driven Prioritization of Incidents
In the incident management process it is of fundamental importance to classify, prioritize and escalate incidents.
Priority of an incident is usually calculated through evaluation of impact and urgency. However, these measures usually refer to the IT domain. The central claim of our work is that in order to achieve the strategic alignment between business and IT, the enterprise needs to drive incident prioritization from its business objectives. This starts from evaluating the impact that an incident has at the business level, and its urgency in terms of the cost to the business of not dealing with it in a timely fashion.
The prioritization component of our solution assigns priority levels to a set of service level degradation incidents so as to maximize the alignment with a given set of business objectives. This component is described in more detail in [18] , specializing the model for business-IT linkage described in section IV.
The prioritization mechanism exploits Service Level 
E. Advanced visualization techniques for guided performance analysis
Given the complexity of real life IT support organization, the sheer volume of information on the values of the performance metrics makes it difficult for an IT manager to understand the structure and the dynamics of an IT support organization than is currently available through state-of-the-art software.
We addressed this problem through advanced visualization techniques, inspired to social networks. In [22] we described ITSupportster, a visually rich decision-support system applied to incident management performance evaluation and optimization. The work presented in this thesis resulted in three patent applications and is at the core of the HP IT Analytics™ product (formerly known as DecisionCenter™).
This thesis was defended in March 2009.
